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SUMMARY 

The cos t  and d i f f i c u l t y  i n  ob ta i n i ng  Invarod, t he  recommended weld ing 

rod t o  weld Invar,  necess i ta ted the  i n v e s t i g a t i o n  o f  s u b s t i t u t i n g  more r e a d i l y  

ava i l ab le  rods t h a t  would meet the cryogenic design c r i t e r i a  f o r  the  Nat ional  

Transonic F a c i l i t y  (NTF). Two weld rods, 308L and 8N12, were chosen as 

promising candidates. Four welded specimen p la tes  Mere made; two p la tes  f o r  

each type c f  weld rod. One p l a t e  from each o f  the  308L and 8N12 weldings 

was thermal ly  cycled 50 t imes between 366°K (+ZOO0 F) and 89°K (-300" F) w h i l e  

the two remaining p l a tes  were n o t  therma l l y  cycled. Specimens were machined 

from a l l  f ou r  p la tes  f o r  th ree  types o f  t e s t s :  Tensi le,  Charpy Impact, and 

Guided-Bend. The methods i n  making t he  specimen p la tes,  conduct ion o f  the 

tests ,  t e s t  r esu l t s ,  and c o n c l ~ s i o n s  lead ing  t o  the  s e l e c t i o n  o f  a weld rod  

are presented. 

INTRODUCTION 

Invar  i s  a 36 percent n i c k e l - i r o n  a l l o y  t h a t  has a r a t e  o f  thermal 

expansion approximately one-tenth t h a t  o f  carbon s t e e l .  This phys ica l  

proper ty  makes Invar  i dea l  f o r  appl i c a t i o n s  where dimensional changes due t o  

temperature v a r i a t i o n  must be minimized. The recomnended weld rod  f o r  the  

welding o f  Invar  f ~ r  cryogenic serv ice  i s  a d e r i v a t i v e  o f  the  parent  ma te r i a l  

w i t h  a small a d d i t i o n  s f  Ti tanium t o  minimize weld cracking. Th is  weld r o d  

has become inc reas ing ly  d i f f i c u l t  t o  ob ta i n  i n  recent  years. Th is  paper 

documents an i n v e s t i g a t i o n  i n t o  the use of  two more r e a d i l y  a v a i l a b l e  rods - 
308L and 8N12. 



Acknowledgement i s  given t o  the Advex Corporation, Hampton, V i rg in ia ,  

for t h e i r  expert ise i n  welding and machining the various t e s t  specimens t h a t  

dere used t o  produce the r e s u l t s  shown i n  t h i s  paper. 

TESTS 

Normal operations o f  the National Transonic Faci 1 i t y  (NTF) w i  11 submit 

many o f  the i n te rna l  mechanisms and hardware o f  the tunnel t o  temperature 

ranges from 366°K (+200° F) t o  89°K (-300' F). Alignment requirements w i t h i n  

the tunnel demand the use of mater ia ls  t h a t  w i l l  have small dimensional 

changes over wide temperature var iat ions.  Invar  , a 36 percent n i c k e l - i r o n  

a l loy ,  has been chosen as one of these materials.  Welding o f  Invar  i s  

necessary i n  order t o  manufacture some o f  the l a rge r  components w i t h i n  the  

tunnel. The welding rod recomnended i s  made of Invar  which has been extracted 

from the parent mater ial  t o  be used i n  manufacture o f  the component.' The 

high cost o f  making a special run  o f  welding rod and the long de l i ve ry  t ime 

o f  approximately 4 t o  5 months precludes the use o f  t h i s  type o f  rod. Two 

other welding rods, 308L and 8N12, were invest igated and used t o  make f o u r  

specimen p lates from which Tensi 1 e Test, Charpy Impact Test, and Guided-Bend 

Test specimens were machined. A1 1 o f  the t e s t  procedures and conclusions are 

i n  accordance w i t h  the standards se t  f o r t h  i n  the ASME B o i l e r  and Pressure 

Vessel Code, Section 11, Par t  A, Spec i f i ca t ion  SA-370 and Section I X ,  

A r t i c l e s  I through I V  ( r e f .  1).  

' ~ e c h n i c a l  Data Sheet - Carpenter Invarod, 1970, p. 1. 



Mechanical Propert ies and Compositions 
! 2 3 

Mechanical proper t ies o f  Invar  and the welding rods, 308L and 8N12, 
4 

are shown i n  tab le  I, and the compositions o f  a l l  three mater ia ls  a re  shown i n  

.- ; tab le  11. 5,6,7 

Specimen P la te  

Each p la te  was made as shown i n  f i g u r e  1 us ing the shielded metal arc 

welding procedure.8 The weld j o i n t  i s  a double U conf igura t ion  w i t h  a 

0.318 cm (0.125 i n . )  r o o t  gap and a 0.159 cm (0.0625 i n . )  land. Arc amperage 

o f  80 t o  120 amps and arc voltage o f  24 v o l t s  were maintained according t o  the  

manufacturer's recommendations . The p lates were cleaned w i t h  an acetone 

based degreaser and dryed p r i o r  t o  welding. No attempt was made t o  cont ro l  

the temperature of the p la tes  dur ing welding. A f te r  welding the p la tes  were 

l e f t  t o  cool i n  ambient a i r .  One p l a t e  f o r  each type o f  weld rod  was 

subjected t o  50 thermal cycles from 366°K (+200° F) t o  89°K (-300' F). This 

cyc l ing  represented 2 years of normal operat ion t ime o f  the NTF tunnel. The 

'~echn ica l  Data Sheet - Carpenter Invar  '36," 1970, p. 1. 

'ARCOS Welding Products, 1978, p. 35. 

4 ~ b i d . ,  p. 40. 

 bid., p. 33. 

6 ~ b i d . ,  p. 41. 

'~echn ica l  Data Sheet - Carpenter Invar  '36," 1970, p. 1. 

'ARCOS Welding Products, 1978. pp. 4-9. 

'lbid., p. 5. 



two remaining p lates were l e f t  as welded, A l l  o f  the t e s t  specimens were then 

machined from these p la tes  t o  form four basic specimen types. Each specimen 

was i d e n t i f i e d  by the fol lowing code: 

WELD - PLATE - TEST 
ROD TYPE NUMBER 

The p l a t e  typt1 i d e n t i f i c a t i o n  i s :  

#1 - cycled 50 times 

#2 - non-cycled 

Tensi le Test 

Eight  t ens i l e  specimens, two from each type o f  plate, were machined as 

per f i g u r e  2. The specimens were loaded using an INSTRON minimum 222,400 N 

(50,000 I b )  capacity t e n s i l e  t es te r  a t  a r a t e  o f  26,688 N/min (6,000 lb/min). 

An extensometer was attached t o  the specimen, and i t s  readout was recorded 

on a x-y p l o t t e r .  The p lo t s  from each o f  these tes ts  a re  shown i n  

f igures 3 through 6. P r i o r  t o  the specimen breaking, the extensometer was 

removed and the break p o i n t  was recorded on the Ins t ron  machine gage. The 

2 percent o f f se t  method was used t o  f i n d  the y i e l d  point .  The specimens a f t e r  

t es t i ng  are shown i n  f igures 7 through 10. 

Charpy Impact Test 

Lharpy Impact Tests were run on four  specimens from each type of p late.  

The tes ts  were run on a U-type pendulum impact machine w i t h  the specimens a t  

77°K (-320" F). The specimen conf igura t ion  i s  shown i n  f i g u r e  11. Test 



r e s u l t s  a re  g iven i n  the  Impact Test Reports, f igures 12 and 13. F igures 14 

through 17 show the specimens a f t e r  impact t es t i ng .  

Guided-Bend Test 

Transverse s ide  bend t e s t s  were done on f o u r  specimens from each p l a t e  

type us ing a Guided-Bend j i g .  The specimen con f i gu ra t i on  and t he  j i g  used i s  

shown i n  f i g u r e  18. Figures 19 through 22 show the  specimens a f t e r  the  

bend t e s t s  were completed. 

RESULTS 

Three main r e s u l t s  were determined from the  t e n s i l e  tes ts .  The u l t i m a t e  

strength,  y i e l d  strength,  and l o c a t i o n  o f  separat ion were determined f o r  

each t e n s i l e  specimen. The s t rengths a re  tabu la ted  i n  t a b l e  I 1 1  a long w i t h  a 

comparison column f o r  the parent ma te r i a l ,  Invar .  The u l t i m a t e  s t r eng th  o f  

8 2 8 2 
the  t e s t  specin~en ranged from 4.45 x 10 N/m (64.6 k s i )  t o  4.53 x 10 N/m 

(65.7 k s i ) .  These compare favorably t o  the  u l t i m a t e  s t r eng th  f o r  I nva r  o f  

2 4.48 x l o 8  N/m (65 k s i ) .  The y i e l d  s t reng th  values o f  the  t e s t  specimen 

8 2 were s l  i g h t l y  higher than the Invar  value o f  2.76 x 10 N/m (40 k s i ) .  The 

8 2 t e s t  specimen y i e l d  s t reng th  ranged from 3.07 x 10 N/m (44.5 k s i )  t o  

2 3.32 x l o8  N/m (48.2 k s i ) .  Every t e n s i l e  specimen separated a t  a l o c a t i o n  

f a r  removed from the  weld mater ia l  and the weld l i n e ,  i .e., separat ion occurred 

i n  the parent mate r ia l .  

The r e s u l t s  of the Charpy Impact t e s t s  s r e  1 i s t e d  i n  f i g u r e s  12 and 13. 

The Impact Value f o r  specimen 8N12-1-3 and 8N12-1-4 a re  h i gh  because the  

breaks occurred both i n  the  weld metal and the  base metal .  Specimen 8N12-1-1, 



308-1-2, 308-1-3, and 308-1-4 had about 90 percent  weld metal breaks. A l l  

o ther  specimen had 100 percent weld metal breaks. 

The c r i t e r i a  of no open defects  exceeding 0.32 cm (118 i n .  ) measured i n  

any d i r e c t i o n  on the convex sur face of  t he  specimen was met by a l l  o f  the 

Guided-Bend Test specimen as v e r i f i e d  by v i sua l  inspect ion.  

CONCLUSIONS 

Analysis o f  the data from each o f  the  th ree  t e s t s  i n d i c a t e  e i t h e r  the 

308L o r  the 8N12 weld rod  i s  s u i t a b l e  f o r  welding Invar .  There i s  e x c e l l e n t  

comparison between the  u l t ima te  and y i e l d  s t reng th  values o f  t he  t e s t  specimen 

and the Invar  proper t ies .  The Charpy Impact Values show t h a t  the  308L 

mater ia l  has less  res is tance t o  f r a c t u r e  than t he  8N12. However, both ma te r i a l s  

meet the NTF c r i t e r i a  of a  Charpy Impact Value o f  27 J (20 f t - l b )  o r  greater .  

The data do no t  show any d i f f e rence  i n  mater ia l  p rope r t i es  between the 

thermal ly  cyc led and the noncycl ed t e s t  specimen. 

I n  choosing between the two weld rods, the cos t  and de l  i v e r y  schedule 

were important considerat ions. A1 so, inc luded i n  the  dec is ion  was the  welder 's  

eva luat ion of the w e l d a b i l i t y  o f  the two candidate rods. These became the  

three dec id ing factors  i n  choosing the 308L weld r o d  f o r  use i n  cons t ruc t i on  

o f  the Nat ional  Transonic F a c i l  i ty. 
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TABLE I. - MECHANICAL PROPERT I ES 

Flaterial 

Invar 

308L 

> 

Reductl on 
o f  Area, % 

6 5 

60 

5 5 1 3 . 9 3  L 5 1  8N12 

Yie ld Strenqth 

N1,,,2 i 0 8  

2.76 

4.14 

Elongation, 
% 

3 5 

40 

KSI 

4 0 

60 

Ul t imate Strenqth 

40 

x lo8 

4.48 

5.86 

6.55 

KSI 

6 5 

8 5 

9 5 



TABLE I I .  - MATERIAL COMPOSITION 

S 

0.02 

P 

0.02 

* 

Material 

Invar 

308L 

p 1 2  

Mn 

0.35 

1.70 

6.5 

Cr 

19.50 

15.80 

C 

0.12 

0.035 

0.C; 

S i 

0.30 

0.40 

0.50 

N i 

36.00 

10.00 

Balance 

Cb 

1.90 

Fe 

Balance 

Balance 

5 . 0  I 



TABLE 111.- TENSILE TEST RESULTS 

a ~ e c h n i c a l  D a t a  Sheet - Carpenter Invar  "36", 1970, p .  1. 

I 

Specimen 

lnvara 

308-1-1 

1 308-1-2 
i 308-2-1 
t 

308-2-2 
I 

8N12-1-1 

1 0#12-1-2 

1 8812-2-1 

I 8N12-2-2 
1. 

U l t ima te  St rength 

N/n2 x l o8  

4.48 

4.51 

4.51 

4.48 

4.48 

4.46 

4.46 

4.53 

4.53 

Y i e l d  St rength 

KS 1 

65.0 

65.3 

65.4 

65.0 

64.9 

64.7 

64.6 

65.7 

65.7 

N/m2 x 10" 

2.76 

3.33 

3.24 

3.74 

3.26 

3.16 

3.07 

3.10 

3.15 

KS I 

40.0 

48.2 

46.9 

47.0 

47.3 

45.8 

44.5 

44.9 

45.7 



f 
3.8 crn 

(1.5 i n )  
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20°min. 

(0.06 in) 
3.8 cm \ 

s / ( 1 . 5  i n ,  

c- 

1 an r ~ d .  ,min .  
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DOUBLE U WELD J O I N T  

Figure 1.  - Specimen Platc  and Weld Jo int  Configuration.  



12.70 cm 

I+---- (5.00 in) ' 

5.72 cm 

(1.37 in) (2.25 in) 

1 1 ,  Gage Length 1 I 
5 . M O O  f 0.013 crn 

(2.0000 2 0.005 i n )  

l.P-:O f 0.925 ZITI 

(0.500 f 0.010 in) 
L 0.95 .. .,a. 

(0.38 in) - Weld Area 

(3/4-10) 

Figure 2 .  - T e n s i l e  Test Fpecimen Conf igurat ion.  



















(2.17 in) r r ' 5 0  - 
Figure 11. - Charpy Impact Teet Bpecimen Configuration 
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Guided-Bend Specimen 

Figure 18 - Quided-Bend Jig and 8pecimen Configuration 
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